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Abstract — Paper deals with the problematics of the use of 
mobile devices (smartphones, tablets) in computationally 
intensive medical applications using specialized hardware and 
software solutions for collection, processing, evaluation and 
presentation of medical data which are acquired in real-time 
from patient body. Design of the application, compatible with 
two mobile platforms, that receives electrocardiogram (ECG) 
data from auxiliary device Raspberry Pi, processes and 
evaluates them, is described in the second part of the paper 
along with the results of the testing of designed application. 

Index Terms — medical systems, mobile application, Android, 
Windows Phone, Xamarin, electrocardiogram, ECG 


I. Introduction 

The proliferation of mobile devices such as mobile 
phones and tablets reached a dimension in past decades where 
in developed countries is accounted more than one 
smartphone for a single user and significant is also the use of 
tablets. Even in less developed countries, the expansion of 
smartphones is large and even larger than it is in the case of 
personal computers or laptops. Mobile phones are in many 
cases the only way to connect to internet, read e-mails and use 
instant messaging applications in those countries. 

Mobile devices such a smartphones or tablets dispose with 
high computational power, when they contain 
microprocessors with 4 cores and more and operating 
memory is up to 4 GB. Graphic accelerators are included and 
display technology offers resolution that is in highest models 
on the level of 4K. They are comparable with desktop and 
laptop computers in their parameters. Mobile devices dispose 
with some disadvantages, such as high consumption of energy 
which allows to run the device only for one day in average. 
Small dimensions can be considered as the disadvantage 
because of the small screen diameter, although the resolution 
is high and if it is needed to input some textual information, 
part of the display is used as the virtual keyboard, with the 
limited size of keys and only the part of the display can be 
used for effective viewing of information. Advantages of 
these devices are in the use of the touchscreen as the input 
interface, low weight and small dimensions, which allow 
users to carry their devices always with them. Another 
advantage is in incorporation of many sensors like 
accelerometers, gyroscopes, electronic compasses, pressure 
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sensors, cameras or biometric sensors. Most important for 
many mobile applications is possibility to use GPS 
functionality. Mobile devices, that combine high computing 
capabilities and communication capabilities with small size of 
the devices and reach number of sensors, therefore can be 
used not only for communication through the mobile 
telephone network and internet but also can be used for many 
telematics applications such as Global Positioning System 
(GPS) navigations. Geographical Information Systems (GIS), 
mobile banking applications, different kinds of measurement 
applications and others. 

A wide range of fitness and healthcare applications is also 
available. But many of them are not sophisticated enough to 
use full range of capabilities of mobile devices and to become 
applications that can be used for professional diagnostic 
purpose and medical care. 

II. Related works 

Innovations of digital technologies such as cloud services 
and variety of sensors and auxiliary devices, offers 
possibilities of the use of mobile devices in medicine, for 
example to monitor the health of the patient, including 
recording of blood pressure, blood sugar, heart rate, number 
of burned calories, warning patient to lack of exercise or fluid 
intake. They also may notify the patient to take the medicine 
or sending the collected data to doctor [1]. 

As an example may be mentioned an application iWander, 
designed for mobile platform Android, which aim is to 
provide safety precautions for people suffering by 
Alzheimer’s disease. The application tracks the patient 
through the GPS in mobile device [2], In the beginning the 
patient personal information and also the GPS coordinates of 
his house are entered to the application. In case it detects that 
the patient is too far from his own house for a long time or in 
the middle of the night, the algorithm of application evaluates 
that the patient may be confused and immediately calls 
emergency or helps patient navigate home [3]. 

Another example of the use of mobile devices is in 
rehabilitation. If the patient is unable to participate in 
rehabilitation in facilities intended for that purpose, there are 
possibilities to conduct exercises from comfort of his home by 
connecting ECG monitoring sensors to his body that 
communicates with a smartphone via Bluetooth and allows 
doctors to monitor the heart activities in real time while the 
patient performs exercises [4]. 

Principle of another application that uses the potential of a 
smartphone is to monitor the patient. Shoes equipped with 
sensors, which communicate with the phone may be used to 
monitor the level of physical patient activity which recently 
surpassed stroke [5]. 

Through the accelerometer that is located in almost all 
mobile devices it is possible to interpret the movement and 
balance of patient [6, 7]. 
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The electrocardiogram sensors attached to mobile device 
can diagnose and monitor treatment advances of sleep apnea, 
meanwhile offers an alternative to costly and labor intensive 
polysomnography [8], 

The Diabeo application can facilitate the daily battle with 
the disease to patients with diabetes. This mobile application 
collects information about glucose, number of incoming 
carbohydrates and planed physical activity before it 
recommends insulin dosing [9], 

Using of mobile devices in medicine could not only 
facilitate the work of doctors, but also provides greater 
comfort to patients. Considering that in present almost every 
person owns at least one mobile device this idea is becoming 
more viable. Smartphones or tablets could work as a kind of 
guardian for example for patients with cardiovascular 
diseases while would sent information about cardiac activity 
to the doctors database server at time intervals, so the doctor 
could supervised on patient. The patient would have available 
the application which would monitor his health condition and 
would not limit in his daily activities and its using could 
decrease frequency of ECG examinations. The application 
could contain a multitude of functionalities that would in life 
threatening condition save patients life. This application 
could completely replace pressure Holter, a device used for 
measuring blood pressure that is applied to the patient for 
monitoring of the heart activity for 24 hours. Disadvantage of 
the Holter is that unlike the above described applications it 
cannot signal the risk of heart failure and subsequently call 
emergency for help. 

The following paragraph offers a description of medical 
applications that are primarily aimed at patients with 
cardiovascular diseases. 

First application named Healthy Heart 2 is developed for 
iOS platform and is free for all Apple devices. Healthy Heart 
2 offers ability to record the measurements of blood pressure, 
heart rate, cholesterol, blood glucose, potassium and drug 
ingestion information. Those data are backuped at Ringful 
online server, where it is possible to analyze them and share 
with the doctors and family members. The application offers 
detailed overview of the measured values over several days 
not even for patient, but also for the doctor. The disadvantage 
of Healthy Heart 2 application is the necessity of auxiliary 
equipment which does not communicate with the application 
and all of the measured data must be entered manually by the 
user. 

The next example is AliveECG application that is the 
product of AliveCor Inc., which is focused on developing of 
medical applications and is available for the iOS and Android 
platforms. This application provides the analysis, storage and 
sending result of measured heart activity data using extern 
device named AliveCor Heart Monitor that is ECG recorder 
with smartphone dimensions. To measure ECG of patient is 
necessary to put down two fingers of both hands on AliveCore 
Heart Monitor device. The ECG data are wirelessly 
transmitted to AliveECG application installed on mobile 
device. Two clinical studies suggest that AliveCore Heart 
Monitor device and AliveECG application have a sensitivity 
over 85% and specificity over 90% in identifying paroxysmal 
atrial fibrillation. The advantage of this application is in the 
accuracy of measurement thanks to which it is clinically 
proved and approved by the Food and Drug Administration 
(FDA). Another benefit is the auxiliary device, which 
independently communicates with the application in mobile 


device. Despite the fact that the application is available on 
Apple Store and Google Play for free, the user is forced to buy 
an additional device AliveCor Health Monitor in case he 
wants to use it. It is also necessary to mention that the 
auxiliary device is available to buy only in USA, Australia, 
India, Ireland, New Zealand and in the Great Britain. 

The last example is eMotion ECG device from Mega 
Electronics Ltd and it is the application for mobile devices 
designed to monitor and analyze patients’ blood pressure. For 
proper functioning of the application it is necessary to own 
auxiliary device, which contains three sensors attached to 
device by the wires and it is necessary to establish 
communication with the device running application by the 
Bluetooth. 

The functionality of this application offers to the patient 
possibility to display received data from auxiliary device, 
real-time blood pressure measurement, sending measured 
data to database server, track position and notify the patient if 
the unordinary data are measured. This application was 
approved by FDA. In spite of many benefits of eMotion ECG 
there are still some disadvantages for example the missing 
support for mobile platforms such iOS and Windows Phone 
because the application is available only for Android 
operating system. 

III. Developed Application 

This paper describes implementation of mobile application 
that is outcome of the research in above described field. 
Mobile application communicates with auxiliary device 
Raspberry Pi to which ECG sensors are attached. The 
acquisition of data containing patients’ heart rate information 
and the algorithm design for evaluation is the subject of the 
other paper. 

At first, it was considered that after the start of the 
application the registration or logon is required as it was 
assumed that the two types of users will use this application, 
namely patients and physicians. After choosing the role of 
patient, the application would require registration and the user 
is to give the name, surname, personal identification number 
and password. In case that the patient already has an account, 
will choose the second option and signs in using personal 
identification number and password. 

After finished registration respectively sign in, the patient 
has an access to available paired Bluetooth devices and the 
application offers him a choice of which device he wants to 
join. It is expected that the patient should choose a Raspberry 
Pi device, to communicate with is the application primarily 
designed. 

Finally it was decided that a mobile application will not 
have a registration and login database. It will not be needed to 
add an option for login physician, because all the necessary 
information about patients will be saved on a Raspberry Pi, 
which will contains the configuration software to store 
patients’ information. Consideration was also given the fact 
that the application will be used exclusively by one user 
whereas each person holds at least one mobile phone in the 
present. 

When the mobile device establishes a connection with the 
Raspberry Pi, application continually receives data that are 
subsequently displayed on the screen in the form of ECG 
graph (Fig. 1). The application is not only receiving ECG 
information but also the value that is signaling emergency 
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situation of patient. If the auxiliary device detects ECG 
deviations from normal values, the application receives a 
warning signal, which is an incentive for conducting 
additional functionality that will be designed to ensure 
quicker patient medical treatment. In the case of emergency, 
application dials the number for emergency medical 
assistance what the patient with stroke could not be able to 
follow. Additional functionality of application might be 
sending SMS messages containing GPS coordinates of patient 
and the text that the patient is in danger. Patient will chose 
phone numbers for emergency information sending in the 
application settings. 

At the time of the application software designing it was 
necessary to choose the programming language and mobile 
platform to which will be application designed for. As the best 
option has proved the programming language C# and 
Microsoft Visual Studio with Xamarin framework as a 
development environment. This framework allows the 
development of cross-platform applications using one 
programming language which led to the development of 
application for two mobile platforms namely Android and 
Windows Phone. 

Given that the functionality of entire application depends 
on receiving data, it was necessary to decide what 
communication technology will be used. There were two 
options: communication will be implemented using WiFi 
Direct services or Bluetooth. 
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Fig. l Screenshot of the application with displayed ECG data 
received from connected Raspberry Pi device. 

The first option is a relatively new technology that can 
connect two devices without need to connect to the access 
point unlike classic WiFi. This process is called ad hoc WiFi 
transmission. WiFi Direct technology became very popular 
not even in gaming industry (Nintendo DS, PlayStation 
Portable) but also in digital cameras, smart TVs and more 
other devices of consumer electronics. The advantage of this 
form of communication is more stable connection and faster 
data transfer between devices, but on the other hand, the 
implementation on raspberry Pi would be difficult and costly 
compared to Bluetooth. 

The disadvantage is in the lack of support of application 
programming interfaces. The second option is Bluetooth. This 
form of communication establishes a short range connection 
between two devices. It uses the same frequency band (2,4 
GHz like WiFi), but different technology. The Bluetooth 
network uses the client-server model to control when and 


where can data be sent. The most of devices use Bluetooth 4.0 
version at present. The advantage of this communication 
protocol is the wide availability of application programming 
interfaces, low cost of Bluetooth adapter and mainly lower 
power consumption than WiFi. 

Analysis of those two communication protocols showed 
that the Bluetooth technology will be used for developing 
application mainly due the low energy consumption. The 
energy consumption is a decisive fact because it is assumed 
that the patient will have a monitoring device connected 
throughout the day and counts with the possibility of missing 
the source for charging the mobile device. After successfully 
established connection between the application and the 
auxiliary device, the information about medical history of 
patient in json format is sent to the application. As soon as 
these received data are displayed on application screen, data 
are sent to physician web server. Subsequently, the data 
containing two values, the first ECG value of the patient and 
second, the information about the state of the patient, that 
could be 0 or 1 (in case patient is in critical state), are 
continuously received from the Raspberry Pi and drawn on 
the screen of the application, as the ECG graph, using 
OxyPlot library that supports cross-platform development. 
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Fig. 2 Screenshot of the application with emergency call displayed, 
that is activated in case of patients abnormal function of heart. 
This data is also sent to physician web server every second 
where they are associated with a particular patients data based 
on his personal identification number. 

If the application detects the specific count of critical 
values the alert message appears on the screen with the 10 
seconds countdown and two buttons are rendered. With the 
first button, the patient can decline the critical state and the 
application will continue in normal work and continues with 
evaluation of incoming data, or with the use of the second 
button user can confirm the need of the call of emergency 
immediately. If the patient will not touch any button, the 
emergency will be called after 10 seconds (Fig. 2). Before the 
call is made, the SMS message with the GPS coordinates is 
sent to numbers that the patient stored in application settings. 

The database that was used to store server address and 
phone numbers in application, was SQLite that is the most 
widely used database at present because of its simplicity. 
SQLite database is not based on the principle of client-server 
model, where the database server is running as a separate 
process. It is a library which is linked to the application. 
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The last state of developing the application is usually to 
test its functionality and the proper functioning. Application 
was tested by users on various mobile devices with Android 
and Windows Phone operating systems. The results of tests 
were positive and the application was working on Windows 
Phone 8.0 and upper versions and on Android 4.2.0 and upper 
versions. 

IV. Conclusion 

The development of application for monitoring the patients 
ECG was realized by cross-platform framework and the 
application is in a state of functioning prototype. The 
application could be extended by a new functionality like 
displaying first aid manual when the critical state is detected 
or by connecting application with on-board computer to brake 
a car in case of critical data detection. Another extension 
could be creating web server for physicians where would be 
data sent and the doctors could browse by them using various 
filters. Given that the application was developed using 
cross-platform framework Xamarin, application could be port 
to iOS platform thanks to the sharing of code, which this 
framework provides. 

Acknowledgment 

This work was supported by KEGA Agency of the Ministry 
of Education, Science, Research and Sport of the Slovak 
Republic under Grant No. 077TUKE-4/2015 „Promoting the 
interconnection of Computer and Software Engineering using 
the KPIkit“. This support is very gratefully acknowledged. 

References 

[1] E. Ozdalga, A. Ozdalga, N. Ahuja, "The Smartphone in Medicine: A 
Review of Current and Potential Use Among Physicians and Students", 
J Med Internet Res, 14(5), 2012 p. 128. 

[2] F. Sposaro, "iWander: An Android application for dementia patients", 
PubMed - NCBI. [online] www.ncbi.nlm.nih.gov/pubmed/21097072 
[Accessed 9 Dec. 2015]. 

[3] F. Sposaro, J. Danielson, G. Tyson, "iWander: An Android application 
for dementia patients", Conf Proceedings IEEE Eng. Med. Biol. Soc. 
2010; 2010:3875-8. doi: 10.1109/IEMBS.2010.5627669. 

[4] C. Worringham, A. Rojek, I. Stewart, "Development and Feasibility of 
a Smartphone, ECG and GPS Based System for Remotely Monitoring 
Exercise in Cardiac Rehabilitation", PLoS ONE, 6(2), 2010, p.el4669. 

[5] S. Edgar, T. Swyka, G. Fulk, E.S. Sazonov, "Wearable shoe-based 
device for rehabilitation of stroke patients.", Conf Proc IEEE Eng Med 
Biol Soc. 2010;2010:3772-5. doi: 10.1109/IEMBS.2010.5627577. 

[6] M. Yamada, T. Aoyama, S. Mori, S. Nishiguchi. K. Okamoto, T. Ito, S. 
Muto, T. Ishihara, H. Yoshitomi, H. Ito, "Objective assessment of 
abnormal gait in patients with rheumatoid arthritis using a 
smartphone", Rheumatol Int. 2011 Dec 23; doi: 

10.1007/s00296-011-2283-2 

[7] S. Nishiguchi, M. Yamada, K. Nagai, S. Mori, Y. Kajiwara, T. Sonoda, 
K. Yoshimura, H. Yoshitomi, H. Ito, K. Okamoto, T. Ito, S. Muto, T. 
Ishibara, T. Ayoama, "Reliability and validity of gait analysis by 
android-based smartphone", Telemed J E Health. 2012 May; 18(4): 
292-6, doi: 10.1089/tmj.2011.0132. 

[8] M. Bsoul, H. Minh, L. Tamil, "Apnea MedAssist: real-time sleep apnea 
monitor using single-lead ECG", IEEE Trans Inf Technol Biomed. 
2011 May; 15(3):416-27. doi: 10.1109/TITB.2010.2087386 

[9] G. Charpentier, P. Y. Benhamou, D. Dardari, A. Clergeot, S. Franc, K, 
Schaepelync, P. Belincar, B. Catargi, V. Melki, L. Chaillous, A. Farret, 
J.L. Bosson, A. Penfomis, "TeleDiab Study Group The Diabeo 
software enabling individualized insulin dose adjustments combined 
with telemedicine support improves HbAlc in poorly controlled type 1 
diabetic patients: a 6-month, randomized, openlabel, parallel-group, 
multicenter trial (TeleDiab 1 Study)" DiabetesCare.2011 Mar; 
34(3):533-9. doi: 10.2337/dcl0-1259.dcl0-1259. 


Branislav Mados (Ing., PhD.) was born on 20th of May 1976 in 
Trebisov, Slovakia. In 2006 he graduated (Ing.) at the Department of 
Computers and Informatics at the Faculty of Electrical Engineering and 
Informatics of the Technical University of Kosice. He defended his PhD. in 
the field of Computers and computer systems in 2009; his thesis title was 
"Specialized architecture of data flow computer". Since 2010 he is working 
as an Assistant Professor at the Department of Computers and Informatics. 
His scientific research is focused on the parallel computer architectures and 
architectures of computers with data driven computational model. 

Nikola Cichovska (Ing.) was bom on 30th of July 1992 in Trebisov, 
Slovakia. In 2016 she graduated (Ing.) at the Department of Computers and 
Informatics at the Faculty of Electrical Engineering and Informatics of the 
Technical University of Kosice; her thesis title was "Mobile device 
applications for data processing they indicates emergency situation of 
patient". Her scientific research interest is in healthcare imaging. 

Marian Zorkovsky (Ing.) was born 15th of November 1958 in Kosice, 
Slovakia. In 1983 he graduated (MSc.) at the Department of Computers and 
Informatics of the Faculty of Electrical Engineering and Informatics at 
Technical University in Kosice. After his university study, he started to work 
as junior researcher at Research Institute of Computers Science in Zilina, 
Slovakia. Between 1985 and 1993 he is working in research at Computer 
Science Department of University of Pavol Jozef Safarik, Kosice Slovakia 
and as an educationist at the Department of Computers and Informatics of 
the Faculty of Electrical Engineering and Informatics at Technical 
University in Kosice. His research and educational work was oriented to the 
software engineering field, methodology of programming and the technology 
of database management systems. After his working in academic area, he 
stalled to work as a system analyst and software project manager at Junkers 
Software s.r.o Presov, Slovakia. In 1995 Marian has joined Siemens and 
established the site office of Siemens’ global software development centre - 
Siemens PSE, in Kosice, Slovakia. Since this time he is working on various 
senior management positions, being responsible for international business 
segment. In 2001 Marian started to change professional profile of Kosice’s 
group to healthcare. In 2015 the team joined Siemens Healthcare as the 
software development centre for clinical applications, imaging diagnostics 
and radiation therapy. In 2008, representing Siemens, Marian has joined the 
steering group to prepare the association Kosice IT Valley. Since this time, 
he works in the management of this IT cluster, 5 years in the position of 
Board of directors Chairman. 

Mikulas Fedorcak (Ing.) was born on 6th of December 1990 in 
Bardejov, Slovakia. In 2015 he graduated (Ing.) at the Department of 
Computers and Informatics at the Faculty of Electrical Engineering and 
Informatics of the Technical University of Kosice; his thesis title was 
"Raspberry Pi in Medical solutions". His scientific research interest is in 
healthcare imaging. 


100 


www.ijeas.org 


